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ABSTRACT 



An onbolic element comprises a filamcaC composed of a 
shape mrmnr y material having an unexpanded cofl cooflgu* 
ration and an expanded random matdbc configuration. The 
embolic element may- be delivered CO a blood vessel treat- 
ment site in iu coiled configuration over a delivery wire 
through a guide catheter. Usually, the cofled embolic elo- 
ment will be disposed over a heUcal section of the ddtvery 
wire prior to release. In that vay. proper positioning of the 
embolic element may be cotifioned prior to release. The 
embolic elemont is then expanded to its enlarged cooAgu- 
ration by heating or othervlse exposing to a tempo^tore 
over transition tempenture of fixe shape memocy mate- 
xiaL 

23 ClaiDiST 4 Drawing Sbeets 
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APPARATUS FOR THEIR DELIVERY 4.950058: and 5.057.95?. Thfc '956 patem teaaedthe to 

BACKGROTTNn r^BTi™ TKr.,T«.r,.T«vT hcating of vascular »eaB and filien to omand and 

BACKGROUND OP THE INVEimON aadior die devices wlthls a htood vessel Miao^etcis 

1. Held of the lovention ^ gnidewiiu arc desaibed in U.S. Pat Nos. 4.739 768' 

Tlie present iitvention relate, geaerally to Ae flew of ^^-^IS-SS*' *-8»*^79; and 5 j09<867. . 

^tl'^lS^^SSSaSSj '""^ ^^^^^ 

target sites, such « Mcaty«in5- within a blood vessel m present Invention provide iniprovcd embolic ele- 

Bmboliccoils.4korcfaredtDasvaso-oa4uaoncoil6 are «y«cms And methods for ihdr dclivciy and 

used for selectively occluding blood ve« sels for a variety of ^^^ploynient within a blood vessel for selective occlusion of 

purposes, such as the control of internal bleeding the * '^t embolic elaneats have a ve*y compaa 

occlusion of blood suppfy to nunocs, and the blockkg of "^«P«^«« configuratioQ for ddiveiy tfirough or over a 

bloodflowtoancuiy8m8,Qfparticdarinteresitoiher)cefient is ^^'^f? ^ ^ be e^andcd to a mnch te^ size to 

invention, embolic coils may be dtUycxtd to brtdn ancu- ^^"iItc the resulting occlusion volume. The delivcxy 

xysnis by first positioning the distal end of a small tubular *3«moi and method pcnnit pre-fjositioning of the embolic 

catheter throu^ an opening in Iho biood vessel waU to the ^^^^^ ^^'^ * predefined vcdums prior co release of the 
anetttysm and then pushing a plurality of embolic coils into 

the aneurysm volume. The coils then occlude the aheotysm 20 Aocoiding to the present invcnlion. die ahboKc dement 

by promoting thrombus formaxiOD. c ampris cs a filament composed of a shape memccy riorgjii 

WhilebeiaggencrallysucccssfuLsachtreatmeatmetiiods ^® iitoent is disposed is an tiDfixpanded configu- 

suffer from certain deficiencies. Most emboHc coils display at a first temperature at or below a txanaidon tern- 

little or DO expaasiott when they arc released from tibei peawre aad assumes an expanded configuration when the 

delivciy catheters. One type of coiL which achieves Ddhaos 25 Jf^^raMr© is raised to or above the transition 

Ihe best expaasioB ratio, is delivered through the catbeterM ""WaWy- *« uncxpanded configuration win be a tighfly- 

a dcniightencd wire filament. Upon release from the catheter nnnimizes the size of the emboKc element 

the wire assumes a pnssct coil confignration widiln die L*^ <l«livciy throu^ a catheter, as described in more detail 

aneurysm. The resultiag coO. however, does not maxiinize ' '^^odcd configuration is preferably a random 

die voilume occupied by die emboUc device. A second » filameni uncoils to define a pcriphaal 

common approachndies on pushing an embolic coQthrourii envelope which is laiger in all dimensions than that of the 

a delrveiy cadieter with the coU ia itt coiled confifiurad^ "''^ unexpaaded configuration. In particular, the 

As dje emboUc coQ is released, it farther deplm^ wlih a P^P^^ esvelape will hare no traasveisc dimeosibn 

secondary helical configuration. incxeasin« Ae efibt^vc is less than the maxim»m dimensioB of die unex- 

width of the coiL but decrcasins its l««h. A«in. the 3S «nbolic dement. typicaUy the length of the eoil 

resulting occhided volume has not been mKimizSr pnor to expansion. 

Conventional emboUc coil deHvcry tccfaniooes also suffer AccowJing to anoflier aspect of the present invention, a 

from a lack of coonoL Li many cases, tte^bolic coils are selectively occluding a target location within a 

pushed through toe distal end of the delivery cadieter ud coa^aises a eadjeter and an emboBc element as 

released without any control ov« their positionine While ^'^^e- "The cadieter includes means for heating die 

certain iittcovements h«ve beca proposed, siicfa u where '^°o'^<' clement to or above the transitioB teraperanne when 

(he embolic coil is anadied to a pusher wire and rdeaaed fttoweat is positioned at the target location. The heating 

from the wire only after somo posSooine of the eoOvS ^ ^ ^^"^^ or fluid, wirii the preferod 

theaneniysm. die conmil over posidoSg is miite Umlled. comprising a lumen in- the catheter for 
It wouM rtiAM^».« J • I., . . . *s <>i'Bctmg a heated medium past the embolic coil vAta 

u wouia metcfore be desirable to provide improved nAsMmLl at ttte ian>M in^HmT ^ wacn 

mhoUc element sttuctntes and mcthods^d appS ^f^- . 

djeir deUveor and deploymenL In particular Twoold he " apwened aspea of dieprcsennnvention. the de^^ery 

desirable to provide embolic elcmcaVMroctnris whWh p<^ f^f^ * "^)**" body wi* an axial lumen which 

$e<s both a compact delivery configuration^ a mStSSv '"^X^ emboUc element in ita unexpanded conflgtw- 

expanded released configuration in' order M iSTS comprises a deUveiy wire having a 

occlusive volume of the ^^t^np^n t Jt would be fbnher de^ htOeal tecnon at its distal end. The embolic element typi- 

able to provide emboUc element deKvcty systems aiSS- ^t^^'^,^'^ "^^'i eonflgjaation. may be dettv- 

ods wWdi can control placement and oLitf ^JnTrfT- delivery wire through ttie axial lumen of the 

^oUeelementwitS.wS^sJKSSdilst^ f^^'^ «««« at the distal end of 

aneutym prior to lelease of Ae embolic element into the " e«*«er may be <fisposed within flie target locadon. 

site. It would bepanieularty desirable if die Srairat ^"^^ if"^*.?" ^ clcmeat 

coold be deploy^ , ptSS ^^iSd^nal^! ^f^TV » «P«*K>« ^ 

figuration prior to lelcase into the site. release from the catheter In this way, positioning of the 

2. Desdintion of ih« iu^wm,^ a.* embolic elnmnnt pti r to release eu be controlled. 
B^,?^T 1^1 ^ » A«l«ioaaU7. by propaiy teledlng the dimensions of the 

,J^^t^^^'^^^'^*y'tema for sueheodls heUeal ponton of die delivery wire, the expanded volume of 

»^^^^^^^iJ^I^}i'*^*^^^^'^-^^''*07\S.m. die embolic element can be maximized 

916- »is^\i:?^A^^'u^j 5-250.071; 5061. AcaMding to a first method of the present invention, an 

WO wA 'StSS./^^^V.Z^. ^^503; eaboHc eUocnt is delivered to a tUB^L within a blood 
^lSs?^L^?1^°^'' ^0 5*^1W36: and WO *5 vessel by first potittoaing a deUvery wire through a guide 

WXiMLEndovascalarpUcementof vasai^ ""t^^JodiatTdlstKloftheddivery wirefa dls^ 

ooaposedofdiape memory materials I. de«ribed in U.S. at the tatget cite. n» embolic element fa then inaXS 
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over the ddrra^Mvire to the latget sice in an unexpanded transition tempcratorc (typically being body tanpcnrtme 
confipn^on. The cinboUc element is expanded and but optionalJy being a leinperjttorcbdow body tc^^ 
released firom tho delivery wire at the target site by healing and will be selectively nansfonncd to the erq^anded coq- 
to a tenspcrarure above the traasidon temperature of the figuration after release at the. target cite by exposure to a 
sha^ meoooty alloy. Such heating can be effected cither by 5 teiBpeiaiiipe at or above the transizion cexsperanire. Usually, 
raising the teznperature of the embolic elemem ova- body tomperature change will be effected by heating die 

temperanire (where the transition tcxoporaturc exceeds body cinboHc dement above body tezzq>a;Etturc. as will be the case 
temperature) cr by initially cooling the element below body element is deirvacd to the target site at body 

temqpeiature (where body tempcratnre is at or above die tempcrahn-c. Alternatively, body temperature may be sufft- 
transition tempcratere). Preferably, the dciivoy wire has a lo <^^tto effect cxpaasiott when die clement is delivered to die 
helix formed at it$ distal end so diat the embolic element will ^"S*^ site at a temperature below body tcmpcramre, 
assume a hcliol configuradon prior to cq)ansion andralease ^ a preferrwl aspect of the present inventioQ. tim embolic 
at the tai^ec site. element is a Ulament composed of a meral or plastic 

According to a second mediod of ttie present invention, a (pc^y^e^) sbi^M memory matezial having a diameter in fbc 
taigetlocadoninabloodvesselisoedudedbyiBtrodueing i^ nngcfiDma01ffimto0.1mnuprefGraUyfroi]iO.Q2mmto 
aa emboli c dement coiqjosed of a sh^e memory alloy at 0-05 xnaou and alengdi in Ae range &om about 30 cm to 1000 
the target location. The embolic element is hated above a preferably fipom 90 cm to 300 cm. In the imexpanded 

teansitioo tcmt>crBlurc to cause expansion, and the taiget oon£[gnxationof die embolic element^ the filament is fotmed 
location is occhided by thrombus formation within die ^ ttghdy«wound coiL typically having a diameter in die 

expanded volume of die embolic element. The target loca- fromO.lmmto 1 mm. preferably from 0.25 mm to OJ 

txon is preferably an aneurysm and the embolic element is ^ ^ 2 mm to 60 cm, 

preferably delivered by the first method described above. preferably from 25 nun to 15 cm. The cdl will usoaliy have 

from 20 turns to 60.000 turns, usually from 1000 turns to 

BR]EP DESGUFITON OPTSB DRAWINGS ^000 turns. la die expanded configuration of die ^kah> 

P-p - . 2S alemont the filament opens into a random matdx or struc- 

cr.n^\l^iy.\^^^ ^^}^ ^^^^^ tuTO haviug s peripheral envelope which is larger in all 

^^Tt^ accordance wah the pnnaples of die present dimensions ttii^tiic maximiundimfinsion of L initial 
inventiott. shown in its unaqianded oonfiguradon in partial cofled configuration. Usually, die pedphexal envelop will 

have a minimum widdi passing dtroagh *e center of die 
FHj. 2 13 a perspective view of die embolic element of ao random matrix in die range firam 2 mm to 100 msL 
FIG. 1 shown in its expanded configuration. a prefored metal shape memory filament is a n^^^^l 

FIG. 3 is an elevstional view of a guide catheter used fcff Titanium wire having the diameter and length dcsaibcd 
Introducing the embolic element of FIG. 1, shown in partial above sudi wires may be obtained from a number of 
ooss-secdoo. commercial sources, including Raychem Corporation. 

FIO. 4 is a perspective view of a delivery wire which may ^ Mcnlo Part. Calif. The wires may then be formed into the 
beusedincamhinationwiditheguidecadicta-QfFIG,3for ptcf erred coilAandam matrix geometry by conventional 
Introducing tiie embolic element of FIG. 1 according to die techniques. For example, ttic random matrix shape (as 
netbod of the present invention. Hlastraied in FIO. 2 discussed below) may be permanently 

FDG. Sis a coil pusher which may be used lo advance die s^imo the wire by heating die wire while maintained in the 
cmboUc clement over the delivery wire of FIG 4 ^ desired conflguraxion. To achieve die desired initial set die 

Fim <;-it ni.ir»«^-.«.^^*-^ » * wire should be heated to a tcmperaiineof about 500** C for 

the Se^2iS^v^ i^^^^^ T"^ comprising a dmcindierangcfitmiab<S?Sw to 60mioutes.Ate 
S^fte^SSeii^^^ cooling^diewirefilamentmayttieabewoandanddefaimed 
rSSl^esS^ 1 to a target site within plastically to die desired coil configuration, m coil con- 

45 figuration will be maintained at room temperature, widi 
DESCRIPTION OF THE PREFERRED transformation back to the random matrix configuration 

EMBODIMENT being achieved by heating die coil to a temperature above 

about 20* C (die transition len^jecaturc will usually be in 
The cmbohc element of diepresentinvcationis composed die range fian 20^ C to 7cr C). whereby die coil will 
of a ah^memay material usually a sh^ memory xneral 50 '"recover" its initiai random shape. SuitaWe shape memory 
auoy such as nickel^tiianlum aUoy. available under flic plastic materials and mediods for forming such materials 
uadcnamc NinNOL»* nickd-dtanium aUoy. Alternative^. into uncxpanded and expanded configurations are described 
die anboUc elements may be con5>oscd of thipc memciy in VS. Pat No. 4^50^158. die lull disclosure of which has 
^astia, such as homo- or co-potymers d lactide and/or previously been incorpcrated herein by reference, 
F I ^ ^ ^ ^^50^8- die fuU 55 As most shape memory maierials ace not radiopaque, a 

aisooBUTD of which is incorporated herein by reference. The separate radiopaque clement or member will frequeady be 
«Doue element will have an uncxpanded configuration attached to die shape memory portion of die element 
belw a transition tcnqieta^ of ttc described above. The radiopaque element or member may 

paxnwuarsb^ memory material utilized) and an expanded have any size or configuration whicfa is rtaday apptmt 
conliguntian which is attained when die olcmcnt is exposed 60 under fluoroscopic imaging and which is conmatiblc widi 
to atei^>eraiiTO at or above die nansition cen^ieramre. The introduction and use of flic onrfjolic eleam. Rir example, 
aemeaimay be delivered to die target site wiflrin a Wood in the case of die uncxpanded coil configuration of die 
vessel in tts uncxpanded (compaa) configuration and di<xo. cmboEc element, die radic^ue member wiU convcnienOy 
alter iranrfoimed to its e^ded configuration in order to be a separate ring member attached to at least one end of die 
increase die occlusive volume provided by flie element after ds coiU and typically being composed of platinum, gold, silver, 
release at die target site. The embolic element will be oangsten. or other radiopaque mamriaL Use of radiopaque 
<icuvercd to The taigec site at a tea^ieranire below die ring is particolariy oompatihto witfi introduction of die 
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OQbolie ckmcst over delivery wire, as dcMribed in mote 
detail hcxeinbelcrw. 

For iher modes of delivery, tlie radiopaque elemeot or 
monber can tate other tocms. for example, being moonted 
inside, of the coil or ehewttoe. 

Id many cases, it will be desirable to modify (he embolie 
element in some way in order to enhance its tfaxombbgeiufr- 
icy. For example, components con^osed of highly thtom* 
bogenic mavriflls can be secured to the embolic element. 
SQch oomponems inclndr threads, nets, foams, coatings. 
svainct textnring, smds. projections, and any other strucniral 
feature that increases die thrombogcnicity and/or surface 
area of the embolic dement Suitable tfarombogeoic mate- 
rials include polyester, silk, ionomcr (ethylenc-vinyl 
copolymfir). collagen, albumin, and the lilce. Particular 
ouxn^es indudc short silk or polyestv threads tied at 
q»cedrapan intervals along the length of ttic filament a silk 
or polyester net disposed over the peripberal envelope 
defined by the expanded embolic eiwm^nt- , ^jx open cell foam 
within or over die matxix defined by the expanded embolic 
f> lftmftnf > a coDagen or other coating over the ^^rn^nt 
sioface. and the lilce. 

The embolic element may be delivered by any one of a 
variety of techniques employed for the delivery of known 
embolic coils, including those described in VJS. Pat Nos. 
4,994.069; 5.108.407; 5.m,13^; 5^17.4^; 5J26.911; 
5.234v437; 5050.071; 5261.916; and 5312.415. the fall 
disclosures of which are incorporated herein by rcfaence. In 
some cases, it may bo necessary to adapt or modify ihe 
construction of the embolic element to be compatible with 
the known delivery systems, for example, by induding an 
anchor or a latdi member at either or both ends of the 
embolic dcmnnt to f adiuaxe deliv^. 

Aprefermd deUvety method and system according to the 
fvesent invention employs a mbqlar guide catheter and a 
dolivep)r wire, whete the coil configuration of the embolic 
dement may be ptiahcd over the delivety wite through an 
sxial lumen of die guide catheter to the target site. After 
release at the target site, the cmboUc e>.m/>.nf will be heated 
to or above the transitioo ten^pcrature in order to effect 
memory expansion to Tnn^irai'?^ the occlusive volume. In a 
patticularly preferred aspect of the preseat invention, the 
delivery wire wiU have a hcUcal section at its distal end. 
TypicaUy. the helical section will Indude fiom 1 ton to 10 
turns, preferably from 3 mms to 7 tuns, with a diameter (d 
in FIG. 4) in the range fiom 2 mm to 20 mm. preferably 3 
nam to 7 com. and a width (w in FIG. d) in the range from 
1 mm 10 20 mm. preferably to 3 mm to 7 mm. The helical 
section of the delivery wire will be <iisposcd within the target 
site, typically within the target anemysm. prior to advance- 
ment of the embolic element. The deiivcry wire will typi- 
cally have an outride diamrter in the range from about 025 
mm to 1mm. and a length in the range from about 60 cm to 
300 cm. Typically, the distal-most 5 cm will be formed into 
the coil having the dimensions desaibed above. As the 
embolic element is advanced ovor the helical section, it will 
assume a secondary helical or coiled configuration v^ch 
matches that of the guidcwire. TTic position of (he embolic 
cieaent can thus be oonfizmed within the tai^et locari n 
prior to release. Moreover, inducing the secondary coiled 
configuration into the embolic dement prior to release helps 
"^iTO iz f^ the volume of the fiiUy-cxtcnded clement after 
beating. 

After the rclearing and heating of the embolic element 
die delivery wire can be withdrawn back into the lumen of 
die guide catheter in order to disengage (he es^panded 
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emboHc dcmenr. The deEvexy raihrfrr can be reinserted 
into the target location, however, in order to deliver a 
sufficient number of additional embolic elements in order to 
completely fill the target rice. The guide catheter will be a 
5 small diameter mbixlar catheter having an axial hlmcn to 
permit introduction of the embolic element therethrough. 
Suitable mbular catheters for use as guide catheters accord- 
ing to the present invention are desaibed in copending 
aj^plicaiion Set No. OS/15 1.320. filed on NOv. 12. 1993, now 
abandoned, the ^ disclosure of wiudi incorporated evoy 
reference. The guide catheter will typically have a length in 
the range from about 50 cm to 200 cm and an internal lumen 
having a dtamerrr in the range from about 03 mm to 3 TTiTn, 

The eon pusher will have a length in the range frtmiaboia 
50 cm to 300 cm. with a tracking ponion formed over the 
distal-most 5 cm to 300 cm. The tracking pordcm will 
typicaOy be a fiexiUe mbe. socfa as a polysulc tnbnlar 
element, having a lumen size sufSdent to be received over 
the deUvety wire and a distal tip adapted to engage against 

20 a proxxmal end of the embolic coO. In the case of a cculed 
embolic element, the distal tip will typically be a fiat face 
designed to engage against a fiat pnxdmal end of the coiL 
The proximal portion of die pushs may be a solid are 
pusher rod typically having a rffamercr in the range from 

2^ aboQC OJ^ mm to 1 mm. The delivery wire may be coursed 
of a variety of material, including stainless steeL with the 
distal coil being f onned frtsm a radiopaque m«tipHjii sadti as 
platinum. 

The embolic element delivery system will fiirtfaer oom* 

30 prise a means for heating the embolic element daring or aftcr 
release of the element from the dolivciy wire. Conveniently, 
the heating means wHl comprise a lumen for diiecdng a 
heated nrdinm. such as heated saline contrast medium, 
past the element to aSBtec escpanrion. where the himen may 

35 be provided by the central lumen of die tubular gtxide 
catheter. Systems for heated saline and other media under 
pressure for delivery to catheters are cormnecdally avail- 
able. Altemadvely. the delivery system may incorporate 
other heating means, including but not h'niitcd to. electric 

4Q resistance heaters, eieclric inductive heaters, laser radiation 
heaters, and the like. 

Refcning now to FIGS, l and 2. me slracmre of an 
estemplary embodiment of an embolic element 10 coa- 
stnioed in accocdance with the prindples of tho present 

45 invention will be described. Embolic element 10 is formed 
as a helical ooil 12 of a singLe wire filament con^sed of a 
shape memory alloy as discussed above. The coil includes a 
pair of radiopaque rings 14. one being disposed at each end 
of the coil. Tht rings may be attached to the coil using a 

so conventional adherive. such as an cpoxy adhesive. The coil 
has a length of about 5 em. an outside diameter of about 046 
semL and inside (tiamrtir of about 0.41 mm. where the wire 
filament has a diameter of about 0.025 mm and a length of 
about ISO cm. The embolic clement 10 is shown in its 

55 uncscpanded configurfttion in FIG. I. After heating to above 
the nransidon ten^aature dianicteristic of the paiticolar 
shape memory aEoy selected, the wire filament of the coil 
will assume the random configuration illustrated in FIG. Z 
The wire in jxB random configurarion will define a 

60 peripheeal envelope l€ shown in broken line in FIO* Z The 
peripheral envelope generally dftfines the volmne available 
for inducing thrombosis wifiiin the blood vessel ifter the 
element 10 has been d^loyed. 

An exessplaty guide catheter 20 for use in delivering the 

65 embolic element 10 is fibstrated in FXO. 3. The guide 
catheter /■/^mpri*^ a mbular body 22 which is optionally 
reinforced to enhance pushabiUty and torqueahility, as 
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desccib6d ia copending appEcation Set Nol 08/151320, die 
lUU disclosure of which has previously bcca inooiporatcd 
herein by reference. The guide cathet«r has a length of about 
150 cm and an inside lumen diameter of about 0^ mm 

DeUvery wire 30 is iUustrated in PIO. 4. TTie wire 
comprises a proximal wire bo dy 32 having a length of about 
170 cm and a diameter of about 0.25 mm. A distal helix 34 
is formed at the distal end of the wire body 32 having a width 
w of about 5 mm and a diameter d of tbout 3 imzL and the 
coil will include about 4 Ml turns. 

A suitable coil pusher 40 is iUustraied in FIO. S. Coi 
pusher 40 includes & pioximai push rod 42 conning a 
solid core stainless steel wire having a diameter of about 
0.25 mm and a length of about 175 cm. A distal pasha 
section 44 has a length of about 35 cm and an Inside 
diameter of about 03 mm. The coil pusher pccfcrahly 
includes a radiopaque marioer 4^ near its distal t^. The 
pusher seciioo 44 may be introduced over the delivery wire 
30, as shown in broicen line. 

Re£etxing now to FIGS. 6*11. use of the delivery system 
of the present invention to deliver the exen^Iary embolic 
element 10 to an aneurysm A in a blood vessel BV will be 
described. InitiaJly. guide catheter 20 is introduced dirough 
an opening AO to the aneurysm A over a conventional 
guidewif e GW, as shown in FIG, 6. After the guide ca&eter 
20 is in place, the gutdewire GW is withdrawn and 
exchanged for the delivery wire 30. as illustrated in FIG, 7, 
After the coil isection 34 of the deUvety wire 30 is fuUy 
introduced into die interior of aneurysm A. the embolic 
element If may be introdticed over the delivery wize. This 
is done by pushing the coil 10 whh die pusher section 44 of 
die coil pusher 42, as illustrated in FIG, 8, The coQ pusher 
40 is advanced suffidcatly so that the embolic element 16 is 
transfeaed entirely from the axial lumen of the gtiidc 
catheter 20 and into the intaior voimne of the aneurysm. A. 
EmboUc clement 10 will assume die helical configuration of 
die helical sccdon 34 of the guldewire, as illustrated in FIG. 
9. A heated tnrutiimi may then l>c introduced dirough the 
axial hmien of the guide cadieter in order to effect csqjansion 
of the embolic clement 10 into its expanded, random 
configuration, as illustrated in FIG. 10, The delivery wire 30 
may then be withdrawn so that die helical section 34 is . 
removed from the interior of the embolic element 10. 
allowing die embolic element It to achieve its fiilly 
expanded, random configuxadofl. as illustrated in FIG, 11. 

It will be appreciated diat a plurality of embolic elements 
10 may be required to fill and inidaic dirombosis of die 
entire internal volume of the aneurysm A Additional embo- 
lic elements 10 may be introduced by repeating die steps just 
described a siiffin en t number of times in order to compleiefy 
fill die intemal volume. 

Aldiough die foregoing invention has been described in 
some derail by way of illustration and example, for purposes 
of clarity of understanding. It will be obvious that catain 
changes and modifications may be practiced widiin die 
scope of die appended claims. 

What is claimed is: 

1. An embolic element comprising a filament composed 
of a shape memory material having a (lansidon temptfacure. 
wherein die filament is in an unexpandcd coil configuration 
at a first temperature ax or below the transition ten^^raiwe 
and assumes an expanded configuration when the tempOT- 
nire is raised to or above the transltioa ten^eratuxt. wherein 
die expanded oonfiguracion is a random matxix which 
defines a peripheral envelope which is larger in all dimen- 
sions than thai of the unexpanded ooQ configuratioa. 
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2. An embolic element as in daim 1, wherein the filament 
has a diameter in the range from 0.01 mm to 0.1 mm and a 
length iathe range from about 30 cm to 1000 cm. wherein 
ttxe unescpanded coil has a diameter in die range from 0, 1 mm 

5 to I mm and a length in the range from 2 mm to 600 mm. 
and wherein the pet^eral envelope has a mtnimiTw^ dimen- 
sion in the range from 2 mm to 100 mm. 

3. An embolic rslmffnt as in claim 1, wherein the shape 
memory material is selected from die group consisting of a 
nickel rifani«mi aUoy having a traosidon tcmperamrc in the 
range from 20* C to 70° C. and a plastic shape memory 

4. An embolic coil as in daim 1. further comprising a 
radiopaque segment attached to die wire filament. 

5. An embolic coil as In claim 4. wherein the unc3q)anded 
^ configuration is a coil and wherein die radiopaque segment 

is a ling attached to at least one end of the c^ wherein the 
ring has a diameter whidi is substantially equal to dut of the 
coil. 

6. An embolic element as in claim 1« further comprising 
20 a duombogenic component secured to the filament. 

7. A system for selective occlusion of a target location 
within a blood vessd. said system cumprising 

a cachecer, 

an embolic clement composed a shape mmory alloy 
25 having a bansition temperattire^ an unejqpanded coil 
configuration bdow the ttansitbn temperature sized to 
fit within or over the caiheter. and an expanded con- 
figuration above the transition temperamre which ' 
defines a peiq)heral envdopc which is larger in all, 
30 dimensions dian that of the unexpanded configuration, 
wherein the expanded configuration is a random mauix 
which defines a pcr^heral envelope which is larger in 
all dimensions dian that of die unaq»anded coil con- 
figuration; and 

33 means on the cadieter for heating die embolic element to 
the transition temperamre when the element is position 
at the target location, 

8. A system as in daim 7. wherein the cadieter comprises 
a mbular body having an axial lumen which recdves the 

40 embolic element in its unc^^anded configuration there- 
dirough. 

9. A system as in daim 7. fUrdier comprising a delivery 
wire having a helical distal end. wherein die dclivay wire 
may be positioned witiiin die axial lumen of the catheter to 

4S provide an introducing path for die embolic dement. 

10. A system as in claim 9, wherein the coil may be 
coaxiaUy passed over the delivery wire and through die axial 
lumen o^ die catheter. 

IX A system as in claim 10. wherein the coH is foEmed 
50 from a filament having a dianoeter in the range from 0^01 mm 
to 0,1 mm and a length in the range from about 30 cm Co 
1000 cm. wherein die unexpanded coil has a diameter in the 
range from 0.1 mm to 1 mmandaleagdiinihe range from 
2 mm to 600 mm. and wherein die peripheral envelope has 
33 a minimiiTn dimension of in the range from 2 mm to 100 
mm* 

12, A system as in claim U. wherein the coil on die 
delivery wire has a lengdi in the range from 1 mm to 20 mm. 
a diameter in the range from 2 mm to 20 Tnm and consists 
^ of frnm I turn to 10 aims. 

IS. A method for delivering an embolic elemicnt to a target 
site in a blood vessel, whcrdn said method oomprises: 
positioning a delivery wire through a guide cadieter so 
diac ft d^xai end of the delivery wiro is disposed at the 
65 target site. 

introducing die embolic dement over the deliveiy wire to 
die target site, wherein the embolic element is oomr ' 
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posed of a shape memory mAtezul and is in an unex- healing the embolic dcnynt above a.transition teziq>m. 

paaded configaration whidi oonfonns to ihe delivery tore to eaim cxpaasiott of the element to an expanded 

wnc as the clcmcat is bcmg introdnced; and configuratioa; 

"^^^SJ^^S^^^l^ , T^^erin thrombus foniu in the cxi>andedcm^ 

MKi^^the tiansmon temperature of the shape 5 to occlude ai least a portion of^ei^^ 

14. Amctfiod as in claim X3. wherein the embolic element - ^ • « - w 

is a filament having a eoilcd configuration pi^toe^an. , 19. A method as m dami 18. wherem the tatget location 

jJqh^ ^ ^ 13 an anecicysm. 

15. A method as in daim 14. wherein expanding the 2«.Amothod as in daim 19. whcrdnttie embolic dement 
cmboHc element causes the filament to assume' a random toJroduoed in an onexpanded coil configuiaxioa over a 
cooflguration having a petiphejral envelope whidi is largCT in ^Wivery wire, 

aU dimensions than that of the coiled configucaUon, 2LAmethod as in claim 20, wherein the delivcty wire has 

Id. A method as in daim 13. wherein the embolic dement ^ helical distal tip disposed in the anetsysm. whereia ihe 

is introduced over a helix formed at (he distal end of die ^ coiled embolic element assumes ahelicalconfigusationasic 

delivery wire* whereia the cmboHc ^t^w%w assumes a ttavds overihe distal helix of the dehvexy wire,, 

helical configiQtalion defined by the delivery wire ixioc to 22. A mediod as hi daim 21. wherdn the expanded 

expansion.- coofiguiation of the embolic «^<rT^fft defines a petiphetal 

17. Amethoda5hidamLl3«wheid[ntheembolicdement esvdope which is larger in all dhncnsions than that of ihe 
is expanded by fiisshing a heated hqtddniedumi through the coiled configmaiioa. 

guide catheter and psst the enbolie dement at the target site. 23. A method as in daim IB. wherein the embolic element 

18, A method for ocduding a target location in a blood is heated by flushing a heated liquid medium past the 
vessel said method comprising embolic dement at the target site. 

introducing an embolic dement composed of a shape 

memory aUoy at the target location; m ^ i^ ^ ^ 



